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NEUTRALLY- -BUOYANT  FLOAT  EXPERIMENTS  1 959 


During  the  past  year  considerable  progress  was  achieved  by  the 
Lamont  Geological  Observatory  Bermuda  Field  Station  in  the  development 
of  neutrally-buoyant  floats  for  deep  current  determinations.  In  addition, 
tests  were  made  on  other  float  devices  during  cruise  15>  of  the  Research 
Vessel  VEMA. 

The  use  of  neutrally  buoyant  floats  containing  acoustic  transmitters 
was  first  begun  by  the  British  Institute  of  Oceanography  several  years  ago# 
Aluminum  tubes  containing  electronic  components  for  the  transmitter  are 
adjusted  for  neutral  buoyancy  equivalent  to  the  density  of  some  predetermined 
level  in  the  ocean.  The  tubes  and  their  acoustic  transducers  are  dropped 
free  in  the  ocean  and  within  a  few  hours  stabilize  near  their  predetermined 
depth  where  they  travel  in  the  same  direction  and  at  the  same  velocity  as 
the  deep  water  current  in  which  they  have  been  placed#  Pings,  or  acoustic 
pulses  are  produced  once  every  few  seconds  from  the  time  the  unit  is  put 
in  the  water  until  the  power  supply  is  exhausted#  A  ship  at  the  surface 
follows  the  movement  of  the  float  by  listening  with  hydrophones  to  the 
float  signal.  Using  several  hydrophones  in  a  horizontal  or  vertical  array, 
both  the  depth  of  the  float  and  its  direction  from  the  ship  can  be  estimated. 

The  description  of  the  neutrally  buoyant  floats  used  at  the 
British  Institute  of  Oceanography  together  with  an  outline  of  the  procedures 
for  their  use  has  been  published  by  Swallow  (193#  j  193>7)*  Several  draw¬ 
backs  were  apparent  with  the  earlier  Swallow  floats : 

1.  The  depth  determinations  using  vertical  angle  measurements  were 
subject  to  large  errors. 

2#  The  length  of  battery  life  for  the  float  oscillator  was  all  too 
short . 

3.  The  strength  of  the  signal  was  marginal# 

U.  A  great  amount  of  costly  ship*s  time  was  required  for  the 
experiments • 
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More  recently  improvements  have  been  made  in  all  of  these  areas  by  workers 
at  the  British  Institute  of  Oceanography. 

During  1958  and  1959*  workers  at  the  Lamont  Geological  Observatory 
Bermuda  Field  Station  developed  a  transistorized  12  kc  oscillator  for  use 
with  a  magnetostriction  transducer.  The  circuit  diagram  of  this  oscillator 
is  shown  in  Figure  1.  The  following  points  apply  to  the  construction  of 
this  circuit: 

1.  The  transformer  is  hand  made*  using  only  two  laminations  - 
other  details  as  on  the  diagram. 

2.  The  2N35  transistor  in  the  switching  circuit  has  to  be  selected 
as  one  which  will  give  the  required  duty  cycle.  Using  a  ping 
of  J  second  every  7  seconds  occasionally  a  2N35  will  not  give 
this  duty  cycle  at  low  temperatures*  or  will  not  operate  at  all. 

3*  The  2N68  transistors  must  also  be  selected  with  care  as  some  of 
them  will  not  function  in  this  circuit  at  low  temperatures . 

Lowering  temperature  decreases  the  bias  current  between  base 
and  collector  sometimes  reaching  a  value  too  low  to  start  the 
oscillations.  To  eliminate  this  problem  a  relay  RL1001  is 
introduced  to  produce  an  instantaneous  bias  current.  This 
relay  opens  a  very  short  time  after  the  keying  relay  has  closed 
causing  a  sudden  change  of  about  15  ma.  in  the  DC  bias  current. 

This  provides  a  transient  signal  sufficient  to  start  the  oscil¬ 
lation.  Tests  show  that  the  present  circuit  will  always  operate 
down  to  0°  C. 

Figure  2  is  a  photograph  of  the  power  oscillator  without  power  supplies. 
The  oscillator  power  supply  consists  of  16  ’'Energizer"  cells,  size  D,  ij  Volts. 
With  this  power  supply,  audible  signals  can  be  produced  for  periods  of  at 
least  llj.  days  using  the  above  duty  cycle.  The  switch  power  supply  consists 
of  8  cells*  size  C,  lj  Volts. 

The  transducers  used  with  this  oscillator  are  the  magnetostriction 
type*  Model  LM12  manufactured  by  the  Harris  Company.  Considerable  experiment 
has  gone  into  the  problem  of  orientation  and  mounting  of  the  transducer  for 
maximum  signal.  The  vertical  mounting  shown  in  Figure  3  has  been  found  to  be 


most  efficient. 


Digitized  by  the  Internet  Archive 
in  2020  with  funding  from 
Columbia  University  Libraries 


https://archive.org/details/technicalreportmOOgera 


-  3  - 


High-strength  alloy  aluminum  tubing  is  used  as  the  neutrally- 
buoyant  float  body  which  houses  the  electronics#  Ten  foot  lengths  of  alloy 
6061  aluminum  tubing  U  inches  outside  diameter,  have  been  found  to  have 
the  required  bouyancy  to  accommodate  the  pinger  components.  The  tubing  has 
a  wall  thickness  of  3/8  inches  and  sufficient  strength  to  withstand  pressures 
corresponding  to  depths  of  3000  fathoms# 

Deeply  placed  floats  using  this  oscillator  have  been  followed  at  the 
surface  for  periods  of  2  weeks.  During  this  time  the  float  pinger  signal 
remained  strong  enough  to  produce  a  bottom  reflection  in  water  of  2000  fathoms 
depth  where  the  float  depth  was  about  £00  fathoms.  Based  on  the  highly 
satisfactory  performance  of  the  present  float  pinger  it  is  considered  that 
the  device  is  now  fully  operational. 

As  to  the  manner  of  position-finding  and  depth  determination  of  the 
floats,  there  remains  considerable  room  for  improvement.  All  floats  which 
are  tested  in  subsurface  trials  are  accompanied  by  drogues  set  at  the  same 
depth.  Drogues  are  objects  of  large  surface  area  and  negative  buoyancy 
which  are  put  down  to  desired  depths  suspended  from  a  length  of  piano  wire. 

The  drogues  generally  are  constructed  of  angle  iron  and  sheet  metal.  At 
the  surface  the  wire  is  secured  to  a  float  which  has  a  flag  marker.  A 
drogue  suspended  to  the  same  depth  as  a  float  follows  the  float  movement 
fairly  well,  and  can  be  used  as  an  aid  to  re-locating  a  float  position  after 
several  days  of  no  contact. 

One  method  of  float  location  and  depth  determination  which  has  been 
used  may  be  outlined  as  follows. 

1#  The  search  vessel  establishes  the  general  location  of  the  float 
by  locating  the  drogue  surface  marker. 
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2.  A  directional  hydrophone  hand-operated  at  the  ship’s  side  is 
used  to  listen  for  the  pinger  and  determine  its  direction. 

3.  The  search  vessel  makes  a  run  in  the  direction  of  the  - 
listening  for  maximum  signal  on  the  ship’s  echo  sounder  receiver. 

In  At  the  place  of  maximum  signal  the  position  of  the  ship  is 
determined  and  plotted. 

£•  At  the  same  time  a  magnetic  tape  record  is  made  through  the  echo 
sounder  to  determine,  through  later  analysis,  the  time  difference 
between  the  direct  ping  and  the  first  bottom  echo  from  the  float 
pinger.  The  true  depth  of  ocean  is  known  from  the  echo  sounder. 

Figure  U  illustrates  the  kind  of  depth  determination  that  can  be  made 
using  this  system.  It  shows  sinking  and  initial  oscillation  of  a  float 
adjusted  for  neutral -buoyancy  at  300  meters.  The  bars  extending  through  the 
plotted  points  indicate  the  depth  uncertainty  for  each  determination. 

The  plotted  course  and  velocity  of  another  float  is  shown  in  Figure  £. 

The  float  was  adjusted  for  a  depth  of  £00  fathoms  and  was  followed  for  about 
5  days.  In  this  particular  observation  the  navigation  is  quite  precise 
being  controlled  by  sights  from  the  island  of  Bermuda.  The  precision  of  the 
navigation  in  open  ocean  remains  a  serious  problem  in  neutral  float  observations. 

In  an  attempt  to  improve  upon  the  first  system,  efforts  have  been 
made  to  use  a  listening  hydrophone  which  is  free  from  the  usual  noises  of  a 
ship  under-way.  One  experiment  that  has  shown  promise  in  this  area  is  the 
use  of  a  hydrophone  ’’hose”.  This  apparatus  consists  of  a  water-filled, 
flexible  plastic  tube  about  20  feet  long  (Figure  6).  Inside  this  "hose”  are 
placed  10  tubular  magnetostriction  hydrophones  in  series.  The  "hose"  is 
towed  behind  the  ship  at  a  distance  of  several  hundred  feet.  This  separation 
from  the  ship,  and  its  own  design  properties  make  it  a  "quiet"  hydrophone  in  use. 

In  determining  the  direction  of  an  unknown  float  pinger  the  ship  is 
put  on  several  random  courses  for  brief  periods .  The  course  directly  in  line 
with  the  pinger  produces  a  minimum  signal  on  the  "hose"  array,  while  a 
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broadside  course  produces  a  maximum  signal  as  illustrated  at  the  bottom  of 
Figure  7.  The  sound  pattern  produced  by  the  pinger  transducer  is  such  that 
a  narrow  maximum  cone  appears  directly  above  the  pinger  which  has  at  its 
center  a  minimum  signal  core.  This  pattern  is  useful  particularly  when 
using  the  ,,hoseH.  The  depth  determination  is  the  same  as  that  for  the  first 
system  and  is  illustrated  at  the  top  of  Figure  7* 

Summary 

1,  A  new  acoustic  transmitter  has  been  developed  for  use  on  neutrally 
buoyant  floats. 

2,  The  signal  strength  has  been  improved  so  that  the  pinger  can 
produce  a  bottom  echo  to  be  used  for  precise  depth  determinations  of  the  float, 

3,  The  life  period  of  the  acoustic  unit  can  easily  be  extended  to  one 

month. 

It,  Promising  new  depth  and  direction-finding  methods  are  under 
development  which  will  permit  under-way  searching  and  measuring  for  float 
pinger  signals. 


This  report  prepared  by: 

R.  Gerard 
B.  Patterson 
F.  Watlington 
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SECTION  VIEW  OF  FLOAT  POSITION  AND  DEPTH  FINDING 
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